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Abstract 

Low frequency sea ice drift variability and its oceanic and 
atmospheric forcing are investigated for the Labrador Sea over the 
period 1979–2002. Our objective is to separate the ocean forced 
component of ice drift in order to corroborate the changes in the 
subpolar gyre circulation found by Häkkinen and Rhines (2004). 
The atmospheric and oceanic forcing components can be 
approximately separated by comparing the time series resulting 
from an Empirical Orthogonal Function (EOF) analysis of sea ice 
motion with local sea level pressure gradients and altimetry-derived 
oceanic velocities. The first ice motion EOF is found to be 
associated with wind driven ice drift. The second mode is 
associated with oceanic forcing, because its time series is similar in 
its fluctuations to the oceanic velocities derived from altimetry. 
These two data sets confirm a major weakening of the subpolar 
ocean circulation between the early 1990s and the latter 1990s. 
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moderate gyre strength inline with the ice drift PC2 vari-
ability. The ocean vector mode and the local altimetry-
derived ocean current at 60N explain 36% and 50% of the
variance respectively in the ice drift PC2 after 1992 (the
latter relationship is statistically significant at the 95% level;
the altimetry data from earlier years are not as accurate as
TOPEX/Poseidon and Jason-1 altimeters, thus we give
correlations only for the latter period). The coincident, larger
than one std fluctuations of the ice motion and altimetric
velocity suggest that the gyre-scale changes depicted by the
altimetric mode extend their influence to the near coastal
circulation also (where altimeter data is not available due to
ice cover). From Figure 3b it appears that significant
changes in the subpolar gyre such as in the beginning of
the 1980s and in 1991 were missed because of gaps in the
altimetry data record. Most importantly, the ice motion PC2
and the original ice drift data from Labrador Sea provide an
independent, long, and continuous time series supporting
the ocean circulation changes inferred from altimetry par-
ticularly for the 1990s and the early 2000s.
[11] Another source of information on the ocean circula-

tion changes is provided by the tracking of icebergs,
although there is some uncertainty as to how much the
recorded number of icebergs crossing latitude 48�N depends
on the count of released icebergs in western Greenland. The
iceberg count crossing 48�N shown with the ice motion PC2
and the ocean velocity PC1 in Figure 4 suggests that the
three largest peaks in iceberg count are present in the ice
motion PC2 and ocean PC1, except the moderate (4th
largest) 1998 peak. Thus, despite possible uncertainties in
released icebergs in the source region, the drift current
intensity is largely responsible for the major iceberg cross-
ing 48�N events during the thirty-year period.

4. Discussion

[12] We have investigated Labrador Sea ice motion for
the last 24 years derived from satellite data sets by Fowler
[2003]. The accuracy of the Labrador ice drift from satellite
data is difficult to assess due to sparse in situ observations.
However, we can capture the largest fluctuations by apply-
ing EOF analysis which selects dominant features, tempo-
rally and spatially, and thereby reduce the impact of inherent
uncertainties in the ice motion analysis. Labrador Sea ice
motion fields are shown to separate into atmospheric and
oceanic driven parts using EOF analysis. Our analysis
suggests that the wind driven ice drift in the Labrador Sea
explains over 85% of the ice motion variance whereas about
8% can be explained by the ocean driven drift. Together

they explain over 90% of the variance which confirms that
the free-drift approximation provides a good estimate of sea
ice motion in this region. The association of the first mode
to wind forcing is based on an east-west SLP gradient over
the analysis region. However, no straightforward connection
to NAO or AO variability is detected. The ocean driven
component of the sea ice drift is determined from compar-
ison of the ice drift PC2 with the first altimetric velocity
mode. The two time series contain similar broad features
through almost three decades confirming the amplitude
variations seen in the altimetric velocity record of Häkkinen
and Rhines [2004]. Thus, the ice motion data provide an
independent data source to support the ocean circulation
changes seen from altimetry in the northern North Atlantic
Ocean where long term (over decades) current meter data is
lacking. Another independent data source is the iceberg
count crossing 48�N latitude. Since 90% of iceberg mass is
below sea level, it is fair to expect that the ocean currents
would dominate the iceberg drift. This relationship can be
hampered by the variations in the number of icebergs
released from West Greenland. Despite this potential limi-
tation, the iceberg count variability is similar to that
observed in the oceanic component of the ice drift and to
that of the altimetric velocity mode.

[13] Acknowledgments. This work has been supported by the NASA
Headquarters Physical Oceanography and Polar Programs. Authors thank
Prof. Peter Rhines for useful comments to improve the manuscript. Also the
authors want to thank Ms Denise Worthen for assistance with graphics.

References
Cavalieri, D. J., C. L. Parkinson, and K. Y. Vinnikov (2003), 30-year
satellite record reveals contrasting Arctic and Antarctic decadal sea ice
variability, Geophys. Res. Lett. , 30(18), 1970, doi:10.1029/
2003GL018031.

Fowler, C. (2003), Polar Pathfinder Daily 25 km EASE-Grid Sea Ice
Motion Vectors, Natl. Snow and Ice Data Cent., Boulder, Colo. (Available
at http://nsidc.org/data/nsidc-0116.html.)
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